Abstract. The development of information technology expands the spatial and temporal scale and types of elements of the water resources information, making the water resources data show the characteristics of multi-source, heterogeneous, massive, and the traditional data processing method is difficult for fine processing and dynamic analysis. Combined with the "4v" characteristics of big data, we put forward a framework for processing water resources big data, to process and analyze modern water resources data for real-time and rapid, and discuss the related application. Based on the features of modern water resources data, this paper discusses the characteristics and application technology of big data, and briefly describes a framework for processing water resources big data and application.
Introduction
The development of economy and society has been expanding the field of water resources data service, and it has not limited to a single category of traditional applications such as disaster prevention, mitigation, engineering design, etc. Today, it has extended to water resources data of real-time acquisition, transmission, storage, processing and application to realize resource sharing, decision support, and so on. On the while, the progress of modern collection (such as RS, RM, GS) has expanded the spatial and temporal scale and types of elements of the water resources information, making a sharp increase in quantity and types, showing the characteristics of multi-source, heterogeneous, massive. Data acquisition includes traditional structured data, such as numerical, characters, and semi-structured, unstructured data, such as documents, graphics, images, video, data flow, etc. The characteristics of the modern water resources data, makes the traditional data processing method difficult for fine processing and dynamic analysis, and in urgent need of new methods to satisfy the requirement of the modern water resources data for real-time and rapid.
Combining the "4v" characteristic of big data with the features of modern water resources data, forms a framework for processing water resources big data, and applies to the modern water resources data for acquisition, transmission, storage, processing and application, to effectively overcome disadvantages of traditional methods in multi-source, heterogeneous, massive, and meet the requirements of fine, dynamic analysis and real-time processing.
Therefore, this paper discusses the characteristics and application technology of big data, proposes a framework for processing water resources big data and describes briefly the application, based on the features of modern water resources data.
Big data technology
A. Technical characteristics and importance of the big data Technical characteristics: After the Internet of things, cloud computing, the big data technology also follows. Big data has been thought as a data processing technology, mainly referring to large-scale data, data structures, high complexity and the strong correlation of data. At present, the industry for big data has not yet been a unified definition: Wiki thought big data was the term for a collection of data sets so large and complex that it became difficult to process using on-hand database management tools or traditional data processing applications [1]; IDC believed that big data technology described a new generation of technology and architecture, for high-speed capture, discovery and analysis in a very economical way from a variety of ultra-large-scale data to extract value [2] . Big data described its characteristics mainly with "4V" features that 1) Volume: storing large, computationally intensive; 2) Variety: multi-Source, multi-format; 3) Velocity: growing faster, processing speed; 4) Value: scouring sand in the surf but precious [3] [4] .
Importance: IDC believed that rapid expansion of the data would arise over the next decade, and be in urgent need of new methods to handle massive data. Authority of the IT consulting company forecasted that data would be from 0.8ZB, increased to 35ZB, up to 44 times, and the average annual growth would be more than 40% in 2009 -2020. In 2012, Obama regime announced big data initiatives of more than $200 million in research and development investments for National Science Foundation [5]; Science in special issue "' Dealing with Data", discussed the role of big Data in research, in 2011 [6] . Turing Award winner Jim Gray proposed a "data-intensive scientific discovery" will become the fourth paradigm of scientific research that experimental science -> theoretical science -> Computer Science -> Data Science [7] . Chinese Academy of Engineering, "ICT 2012" presented era of big data and prospects business prospects with big data technology [8] . LI Guojie thought [9] : "what did data science research? Algorithms in computer science were about science, data science was the science about data." These claims showed that big data as a new science would meet the needs of growing mass data storage, processing and application.
B. MapReduce If big data can be divided into blocks of data, which calculate with the same processing and have no data dependencies, parallel computing would be the best method to speed the processing. MapReduce draws ideas from the programming language Lisp, and defines two abstract programming interface called Map and Reduce. MapReduce execution flow is as follows (shown in Figure. 1):
• Each map function parallel processes the divided data and produces different output from the different intermediate results;
• each reduce parallel computes their own values, and set intermediate results responsibly for different data;
• Map function has to wait until all finished, and then processes reduce function. Thus, setting a barrier before entering reduce function, and processing the intermediate results of the map function for aggregation & shuffle at this phase, in order that the reduce function calculates the final results more efficiently.
• Collecting all the results from the Reduce functions. C. Big data technology application Big data technology mainly aims to adopt IT tools and computational methods for acquiring, processing and analyzing big data from a large variety of applications industry, to discover and extract the intrinsic value from the big data and provide high value-added applications and services for the industry. Scholars at home and abroad have made a deep research on big data, and thought big data technology will face a major challenge: 1) the data scale makes it difficult for storage and processing; 2) traditional small data sets related algorithms such as machine learning, data mining, etc., have not suitable for large data; 3) massive data contains great value, but complex data correlation also led to significantly enhance the computational complexity. The basic way to solve the above problem is: 1) parallel processing; 2) finding new algorithms to reduce computational complexity; 3) reducing the large-scale data and finding data-scale independent algorithms.
In foreign countries, some related scholars have made deep research on big data. Alexandros Labrinidis [10] proposed challenges and opportunities with big data, and the possible ways to solve those problems at present. Kapil Bakshi [11] proposed the architecture for big data and processing method, focusing on analysis of unstructured data. Quang Tran et al. [12] thought big data technologies could efficiently process massive data and help to mine knowledge, but faced the problem of data security, and put forward the corresponding solutions. Surajit Chaudhuri [13] pointed out the difference between big data and traditional database, processing methods for big data and association with cloud computing.
At present, big data technology adopts MapReduce programming model based on Hadoop platform and main research includes mass storage and large scale calculation, technical model and framework, machine learning and data mining algorithms, as well as visualization, security, etc.
In China, relevant scholars also have studied on the infrastructure and applications of big data. Wang Shan et al. [14] thought that compared with traditional data warehouse applications, big data analytics were huge and complex. They designed a favorable architecture for big data analytics and listed some key features for big data analytics, summarized current main implementation platforms, pointed their pros and cons, and some challenging research problems in the future were discussed. Meng Xiaofeng, Ci Xiang [15] discussed the concept of big data and surveyed its state of the art, described the framework of big data, studied the key techniques, and summarized some new challenges in the future. Qin XiongPai et al. [14] pointed out the competition and symbiosis of RDBMS and MapReduce, and thought that RDBMS and MapReduce competed against each other, Applied Mechanics and Materials Vols. 519-520mutual learning and mutual penetration, contributed to the emergence of new ecological system in data analysis. In the new ecological system, RDBMS and MapReduce find their own positions, play their respective advantages, analyze and discover useful knowledge from the big data.
A Framework for processing water resources big data

A. Technical characteristics of water resources big data
Water resources big data technology mainly refers to data processing methods based on the features of modern water resources data, combined with big data characteristics to solve problems which traditional methods cannot perform, to meet modern water resources data for Large-scale storage and operations, rapid real-time data processing, effectively organizing different sources of data, and depth of data mining. In other words, it is essentially in combination with characteristics of big data technology, through the analysis, processing, mining and other technical manners to process and analyze water sources data from multi-source, heterogeneous, massive for knowledge discovery in the field of water conservancy, to meet the needs of decision support.
B. A framework for processing water resources big data
According to the characteristics of water resources big data, combined with the "4V" features of big data and information organization model, this paper proposes a framework for processing water resources big data, adopting MapReduce programming model based on Hadoop platform, as shown in Figure. 2. This framework mainly consists of four layers: data acquisition layer, resource organization layer, data analysis layer, and application service layer. Data acquisition layer, the basis of water resources big data processing, includes collecting sufficient quantity, density and variety of real-time water resources data with sensor technology, 3S technology, etc., and static data, such as water year book, office documents, census on water, etc. These collected data are divided into structured data, semi-structured and
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• • • • Resource organization layer. Water resources big data has the characteristics of diversity and extremely complex data types, and needs for dynamic extraction and integration, according to the water resources information organization theory, so we apply SQL and NoSQL tools for data extraction, integration and transformation, to form Master database finally. Master database can be reconstructed down to the basic data, specialized data and external exchange data, and upward to form a data mart, to form multi-theme oriented data organization model finally.
• • • • Data analysis layer. Data analysis is the core of big data processing, and the data analysis layer primarily aims to parallel process massive, multi-subject data and mine the value of information, with machine learning, data mining, statistical analysis algorithms from the resource organization layer, based on Hadoop platform and MapReduce model, to better support the big data analysis and application.
• • • • Application service layer. Application service layer, based on the data analysis layer, intends to provide comprehensive information services mainly for Water Resources System, government sectors and the public, including flood forecasting, decision support, achievements demonstration, public inquiry, special service, etc.
C. Application
The technologies of water services big data aim to adopt efficient means of information technology and computational methods for data acquisition, storage, extraction, transformation and reconstruction in water sector, to mine, discover and extract the intrinsic value from the water resources big data for the water conservancy business applications and the comprehensive decision-making. Technologies mainly include the following three aspects:
• According to the storage capacity and compute-intensive of big data, technologies of water services big data should meet the growing massive data storage as well as large-scale computing requirements, in order to improve the efficiency of data processing.
• Technologies of water services big data should comprehensively analyze the origin, organization structure and theme needs of the water services data. They study elements, time and spatial resolution, accuracy and precision of coordination mechanisms and methods of the data acquisition, in order to realize data organization, dimension reduction, extraction, themed applications for water services data, especially to meet the unstructured, semi-structured massive data processing needs.
• Improving traditional machine learning and data mining algorithms, reducing the computational complexity, and finding data scale independence approximation algorithms, are in order to reduce the scale of the water services big data and facilitate it for machine learning and data mining for flood forecasting, decision support, achievements demonstration, etc.
Therefore, Technologies of water services big data can effectively meet the requirements of modern water for storage, organization, mining and application, and apply to multi-theme applications of data organization, processing and analysis, in favor of data mining deeply on multi-source, heterogeneous, massive water services data, which improves water conservancy decision level and protects the region's economic and social harmonious development.
Conclusions
At present, big data technology is a hot topic. According to the features of modern water resources data and big data, this paper puts forward a framework for processing water resources big data, which meets the growing massive data storage as well as large-scale computing requirements Applied Mechanics and Materials Vols. 519-520and helps to mine, discover and extract the intrinsic value from the water resources big data to improve the ability of decision support. In this paper, the framework for processing water resources big data and application provides some reference for big data processing in the field of water conservancy industry.
